ABSTRACT Under the CONECOFOR programme, allied to the UE and UN-ECE programme on forests (ICP Forests)
INTRODUCTION
The chemistry of atmospheric deposition and its transformation on contact with vegetation are of great importance in understanding its effects on vegetation. Italian research activity on these topics is co-ordinated by the Ministry for Agriculture and Forest Policy, National Forest Service, (MPA) through the National Integrated Programme for the Control of Forest Ecosystems (CONECOFOR) and forms part of a Pan-European Programme, based on both the European Scheme on the Protection of Forest against Atmospheric Pollution (Council Regulation (EEC) No 3528/86) and the International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests (ICP Forests) under the Convention of Long-Range Transboundary Air Pollution (UN/ECE) (European Commission, DG VI 1996; De Vries et al. 2000) .
On the scientific-technical side, the part of the Italian research involving the study of atmospheric depositions is co-ordinated by the Consiglio Nazionale delle Ricerche -Istituto Italiano di Idrobiologia (CNR-III), which is responsible for methodological aspects, collection, validation and elaboration of the results. The Joint Research Centre of Ispra (JRC) co-ordinated analytical quality controls/assurance, and directly performs part of the analytical work. The Research Centre of Brasimone of the Ente Nazionale Energie Alternative (CR-ENEA) is responsible for stemflow sampling.
Methods of sampling, sample treatment and analysis were detailed in a manual distributed to the personnel of the different plot areas and laboratories before the beginning of the project (Allavena et al. 1997) . This manual was of major importance for quality control, as it provided uniform, detailed methodologies for the various stages of sampling, sample treatment, mailing of samples to the analysing laboratories, and analyses. These techniques are in strict agreement with the "Manual on methods and criteria for harmonised sampling, assessment, monitoring and analysis of the effects of air pollution on forests", prepared for the period 1993 (UN-ECE 1994 .
This paper aims to present the methodologies and discuss the results obtained during 1998 and 1999.
SAMPLING AND METHODS

Sampling sites and frequency
Samples for the determination of atmospheric deposition chemistry were taken in 15 permanent plots (Fig.  1) . Table 1 reports the codes of each station, which are used in the text to identify the sites. Typical permanent sites for sampling throughfall and stemflow ( Fig. 2) are, ideally, located in very large areas which are homogeneous from the point of view of geology and vegetation, and comprise two plots of 2500 m 2 (squares of 50×50 m). The first of these, called the permanent observation plot, is where the various researches are performed; the second, the reference plot, situated close to the first, is left untouched for the duration of the programme and serves as a comparison to highlight any changes deriving from the impact of the research activity. Each permanent plot (Fig. 3) comprises a central zone, surrounded by a buffer zone approximately 1 metre wide, fenced off to prevent theft or acts of vandalism, and further subdivided into 25 square plots with 10 m long sides.
Samples were collected weekly, on Tuesday morning, with a tolerance interval of 12 hours (from Monday afternoon to Tuesday afternoon), to avoid the start of new precipitation or to allow an on-going event to end. On expiry of the tolerance period on Tuesday afternoon, the samples were collected in any case. When bulk samples were collected, the collecting bottles were changed, even when there was no precipitation, to avoid any accumulation of dust and detritus in the bulk collectors. Volume measurements were performed in the field or, where possible, in a specially equipped room near the study area. The throughfall samples were pooled and the sample aliquots to be sent to the analysing laboratory were then taken.
Sampling
Bulk (rain or snow), collected in the open field (OF)
Open field depositions were sampled using continuously exposed collectors, comprising a 2-litre graduated polyethylene bottle, with a funnel of 19.5 cm diameter. A polyethylene net in the funnel prevents the collection of coarse debris, insects and leaves. The volume of water collected is 30 ml per millimetre of precipitation. The bottle is inserted into a PVC cylinder of a slightly 
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larger diameter, so as to leave an air jacket around the bottle and to shade the bottle. In each area three open field collectors were placed according to the type of sample collected, snow or rain. This meant that a greater number of deposition volume measurements could be obtained, but the chief advantage of using more than one collector is that any samples which were clearly polluted could be discarded, without the loss of the whole sample for the sampling period.
Throughfall (TF)
The collectors were the same as those described for open field sampling. Sixteen collectors were used for TF measurement, distributed evenly over the plot (Fig.  3) , as suggested by the ICP Forest Manual (UN-ECE 1994). The precipitation samples were collected weekly, and their volume measured separately and marked on R. Mosello et al. 80 the mailing form, to be sent with samples to the analytical laboratories. The precipitation samples were then pooled together and an aliquot sent to the laboratory. Most of the sites were dominated by a single species of tree. In one station (EMI1), where two species were present, the TF samples for each species were kept separate.
Snow
During 1998 snow sampling was carried out weekly using polyethylene plastic bags (diameter = 30 cm) placed in PVC tubes, one meter high, with a diameter of 25 cm; the funnel and bottle collectors used for rainfall are inadequate for the correct collection of snow. As some plastic bags were broken by ice, in 1999 the snow samplers were replaced with a cylindrical PVC container (diameter = 20 cm, height = 80 cm). The snow sample was then melted in a warm environment by exposure to uniform heat. The volume was then measured using a graduated cylinder, and the sample bottled for mailing to the laboratory.
Stemflow (SF)
Stemflow samples were collected on representative trees in the study area taking into account tree age class, diameters and heights. The operators and technicians responsible for this kind of deposition (CR-ENEA) visited each station to select the trees and set up the equipment, and made annual checks that the equipment was in good working order. Three collectors were installed for each station, except in the area (EMI1) with two species, where six devices were installed, three for each species. Collectors were however placed in only 9 of the 15 active stations; collecting in three other stations (TRE1, CAM1, PIE1) started at the beginning of 1999 (Tab. 1). The stemflow collectors consist of a device for water collection made of ELASTOLEN W300 and are applied directly to the tree stems spiral-wise and fixed with adhesive tape and two nails of such a length as to cause as little as possible damage to the tree. A special connector joins the spiral to a tube through which the water runs into a container of around 120 litres. Stemflow volumes are measured inside the collector with a gauge rod: the volume measured in cm is converted into litres using a conversion table. Samples were obtained by mixing proportional aliquots from the three collectors. Measurements and collection of stemflow water were suspended during the periods of the year when the mean temperature falls below zero.
Runoff
During 1998 runoff water was analysed at four stations (Tab. 1), one of which since April only (EMI2). The watercourse was chosen very close to the permanent observation plot; care was taken to check that the watershed drained had characteristics which were sufficiently uniform, and similar to those of the plot. The sampling point was identified on 1:25,000-scale official Italian topographic maps and marked with a stake. The watercourse was a fairly small stream, but not so small that it was dry for more than 3-4 months a year. The 
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sample was collected directly with the bottle in which it was sent to the laboratory, care being taken to avoid detritus of large size, such as for example leaf or mud detritus. Sampling was performed weekly, even in the absence of precipitation. The temperature was measured at the same time. During the year 1999 samples were collected only in the station LAZ1.
Chemical variables considered
The analyses were performed on filtered samples (0.45 µm), except for measurements of pH and conductivity, for which unfiltered samples were used. The samples were filtered in the laboratory.
The variables examined were those of the first level listed in EEC regulation n° 926/93 of 1 April 1993: pH, conductivity, sodium, potassium, magnesium, calcium, ammonium, sulphate, chloride, nitrate, alkalinity (samples with pH >5.0) and total nitrogen (runoff, throughfall and stemflow). Reactive phosphorus was also measured, to reveal any contamination of the samples by bird droppings.
Analytical quality control
As three different laboratories took part in the chemical analyses (Tab. 1), the data produced had to be perfectly comparable, as well as accurate. To this end a programme of analytical quality control was set up, supervised by the JRC of Ispra, in close collaboration with the CNR-III and the Ministry for Agriculture and Forest Policy. The analytical quality control programme involved: a) evaluation of the analytical methods used in the laboratories taking part in the study; b) comparison of internal quality controls applied in the laboratories; c) organisation of systematic intercalibration exercises.
The different aspects relating to comparability of data and results of intercomparisons were discussed in meetings aimed at the identification and elimination of the causes of errors, involving the people in charge of the different laboratories. The intercomparison exercises were part of a larger project supported by the EU, the Analytical Quality Control and Assessment Studies in the Mediterranean Basin (AQUACON), carried out by the JRC-Ispra in collaboration with CNR-III. These exercises consider samples with characteristics close to both acid deposition and freshwater samples, and yield valuable results for the aims of the CONECOFOR project. The results were published in reports (e.g. .
Data validation in the co-ordinating centre
The co-ordinating centre for the studies on atmospheric deposition in the framework of the CONECOFOR project, located in the CNR III, provides validation of the data following the criteria of ion balance and comparison of measured and calculated conductivities (Ulrich & Mosello 2000; . In addition, comparisons between measured conductivities and sum of cations and anions were made on the values of each station and each sample type (bulk, throughfall, stemflow, runoff). Deviations from linearity of different samples were examined in the light of the completeness of the analyses and considering all the possible causes of error.
RESULTS
Open field, throughfall and stemflow deposition chemistry
The amounts of precipitation measured in the open field collectors (Tab. 2) range between 544-582 mm y -1 (SIC1) and 1593-2157 mm y -1 (LOM1). Values higher than 1000 mm were measured in the stations located in Northern Italy, while the values in the stations in the Apennines and in Southern Italy are more variable and range from 582-544 to 1257-1848 mm y -1 . The mean annual concentrations of ions in bulk OF deposition (Tab. 2) show a wide range of variations, from a minimum of 127 up to 1241 µeq l -1 (FRI2 and SIC1, respectively). Most of this variability is due to the marine contribution, as is shown by the wide range of chloride and sodium (8-217 and 7-204 µeq l -1 , respectively). The common origin of these ions is well documented by their linear relationship, whose slope is not far from the ratio present in sea water (Fig. 4) . A cluster analysis on mean concentrations points out three groups of stations, one of which is comprised of only one station, SIC1. This station shows the highest concentrations of calcium, alkalinity and sulphate. The other two groups are characterised by low (PIE1, LOM1, FRI1, FRI2, EMI1, EMI2, VEN1, TRE1, ABR1) and high (TOS1, MAR1, CAL1, CAM1) concentrations of ions of marine origin. The correction of concentrations for the marine contribution, made on the basis of the ratio of each ion with chloride in sea water (O.E.C.D. 1979) , allows an unbiased comparison between concentrations, as sea salt also contributes to sulphate and base cation concentrations (Tab. 2). Alkalinity and calcium are the most important variables in the corrected concentrations. Nitrate and sulphate show the highest concentrations in stations TOS1 and EMI1 (Tab 2). High values of sulphate are also present in the stations CAL1 and SIC1, which may receive a sulphate contribution from the emissions of Mount Etna (Cimino 1984 , Jaesche et al. 1982 Dongarrà & Varrica 1998) , which was active during the sampling period. The ratios between sulphate and nitrate (sea salt corrected values) are between 1.0 and 1.7 in the northern and central plots, and reach their highest values in the southern plots of SIC1 and CAL1 (2.5 and 2.6 respectively). Alkalinity is present in all the stations, generally in mean amounts higher than the mean hydrogen ion concentration, estimated from pH. However, a residual deposition of acidity was detected in two sites (PIE1 and FRI1). Total nitrogen is mainly made up of ammonium and nitrate; the amount of organic nitrogen, calculated from the difference with inorganic nitrogen, is between 5-37 µM, i.e. 8-38% of the total (average 20%). Reactive phosphorus mean concentrations are in most cases lower than 20 µg P l -1 , reaching a value of 84 µg P l -1 in the southern plot, CAL1. Throughfall concentrations in all the stations (Tab. 3) are higher than the respective bulk values; the increase involves alkalinity and the main ions, with the exception of nitrate and ammonium, which in several stations are lower in TF, indicating canopy uptake. However, total nitrogen concentration in TF is always higher than in the open field, indicating a net release of organic nitrogen. In fact, ON constitutes from 13 to 50% of TN, with a mean of 31%. pH values are in the range 4.9-5.8; these values, compared with the range of alkalinity (6-213 µeq l -1 ), mean that there is a net deposition of alkalinity in all the stations, with the exception of PIE1 (beech stand), with the same values of alkalinity and acidity, and FRI2 (Picea abies) where there is residual acidity of 6 µeq l -1 . Chloride (11-351 µeq l -1 ) and sodium (9-318 µeq l -1 ) show values slightly higher than in bulk deposition, although the ratio Na/Cl remains very close to the marine value (Fig. 4) . Potassium shows a more substantial increase: it is present in concentrations of 2-28 µeq l -1 in bulk open field deposition, while its values range from 21 to 179 µeq l -1 in TF. The increase of reactive phosphorus concentration is also marked, with a range of below 8 to 364 µg P l -1 . The correction for sea salt contribution (Tab. 3) shows that most of the sodium is of marine origin, while relatively high concentrations of potassium and magnesium are still present, due to leakage from leaves. Stemflow concentrations (Tab. 4) show significant differences from those of OF and TF deposition, and vary greatly according to the tree species. A general pattern in all the stations is the relevant imbalance of cations and anions, the former much higher than the latter, indicating a considerable presence of organic acids. The ion difference ranges between 8 and 48% of the cation concentrations, with a median value of 21%. The highest ion concentrations were measured in stemflow in Picea abies (TRE1 and FRI2), with values which are 10-15 times higher than OF bulk deposition and 5-10 times higher than TF. These stations were also the ones where the lowest pH values were recorded (4.1 and 4.2, respectively), with high values of sulphate and ammonium. The lowest concentrations in stemflow were found in Fagus sylvatica (ABR1, CAL1, EMI2, VEN1, PIE1) plots with values close to those of TF. Intermediate between these two cases are the stemflow concentrations on Quercus robur and Quercus cerris, which are about twice those of TF. No sodium uptake from the vegetation is evident in the case of stemflow either; the Na/Cl ratio was close to that of sea water (Fig. 4) . The concentrations of organic nitrogen and potassium show a further increase if compared to OF and TF deposition.
Chemistry of runoff water
The waters of the streams sampled close to the permanent observation plots show high solute and alkalinity values, indicating high soil weathering rates (Tab. 5). Alkalinity values range from 765 µeq l -1 in plot PIE1 to as much as 5160 µeq l -1 in plot LAZ1, where the soil is formed of calcareous clay. Major cations are calcium and magnesium, followed by sodium. Chloride concentrations are very high in LAZ1 (805 µeq l -1 ), while the lowest mean concentration is measured in PIE1 (14 µeq l -1 ). The low concentrations of reactive phosphorus indicate, as expected, the absence of fertiliser pollution. As regards nitrogen compounds, ammonium is present in concentrations below 5 µeq l -1 , while nitrate shows mean annual values ranging from 6 to 46 µeq l -1 respectively in the plots FRI2 and PIE1. The monthly mean concentrations, obtained from the weekly measurements (Fig. 5) , show increasing values from the plots LAZ1 and FRI2 (below 20 µeq l -1 ) to EMI2 (between 20 and 30 µeq l -1 ) to PIE1 (between 30 and 67 µeq l -1 ). The concentrations of total nitrogen are three times higher than nitrate in FRI2 and LAZ1, while the ratio is 30 and 60% in the case of PIE1 and EMI2. 
DISCUSSION
Validation of results
The ion balance check proved to be reliable in the case of open field bulk deposition and the running waters, but it was not successful with TF and SF deposition, because of the high content of undetermined or- ganic acids, which systematically resulted in higher concentrations of cations vs anions (Fig. 6, upper) . The second check, based on the comparison between measured and calculated conductivity, proved to be reliable for the four types of sample considered (Fig.  6b) . The contribution to conductivity of organic compounds is generally poor, and is important only for compounds with low molecular weight. Analyses not passing the test were repeated and, if confirmed, the data were in any case accepted. 
Relationships among ions
The correlation among the different ions was established using the volume weighted mean concentrations of all the stations. From the measured values the concentration of organic nitrogen was calculated as difference between TN and NO 3 + NH 4 , and the value of ∆ (µeq l -1 ), as difference between the sum of cations and anions. ∆ should be related to the content of organic acid present in solution, which is not considered in the chemical analyses. On the other hand ∆ also includes all the analytical errors made in the determination of the single ions, so that it must be considered only as a rough evaluation of the organic component. The correlation matrix for the three types of deposition, obtained using the Spermann correlation, is presented in tables 6 to 8 for OF, TF and SF concentrations respectively.
The strong influx of the marine component is evident with OF and TF values, and is pointed out by the relationship between chloride and sodium, potassium, magnesium; sulphate also shows a correlation with chloride, which highlights the importance of the natural fraction of sulphate. Hydrogen ion concentration is not linked to any of the ions considered in OF, while in TF it is loosely related to alkalinity, calcium and sodium. Calcium is significantly related to alkalinity, magnesium and sulphate. Ammonium and nitrate are correlated with each other, but do not show any relationship with other ions, even with organic nitrogen, either in OF or TF. On the other hand, in TF organic nitrogen is related to potassium, alkalinity and ∆ (organic matter), probably as the effect of leakage from leaves.
In the case of SF, only the relationship between chloride and sodium remains among those linked to the marine contribution, and those linking calcium to magnesium. The relation between ∆ and ON, absent in OF and significant at P <0.01 in TF, is significant at P <0.001 in ST, indicating a gradual increase in importance of compounds leached from leaves. This is not completely confirmed by the relationship between ∆ and potassium, which is highly significant in TF, but not in SF.
Flux of ions to the plots
The deposition of ions in the open field is presented in table 9. A comparison of the flux of hydrogen ion and alkalinity shows a net flux of acidity only in two plots: PIE1 and FRI1 (11 and 4 meq m -2 y -1 ). In the remaining areas, net deposition of alkalinity ranges from 1 (FRI2) to 125 (SIC1) meq m -2 y -1 . However, bulk deposition overestimates alkalinity, as it also includes local dust, which is alkaline in most of the areas. The flux of base cations, which is also influenced by the sampling technique, is altogether high, ranging from 50 meq m -2 y -1 in FRI2, in northern Italy, to values higher than 100 meq m -2 y -1 in TOS1, CAM1 and SIC1 (Central and South Italy). Nitrogen, which does not show any great differences of concentration from southern to northern sites, does however show definitely higher fluxes in northern sites (142, 109, 103 mmol m -2 y -1 respectively in PIE1, LOM1, VEN1), while the lowest values are in central and southern sites (55, 65 meq m -2 y -1 in SIC1 and LAZ1).
A comparison between the flux in OF and in TF (Tab. 10) shows an increase in most of the ions during the passage of the deposition through the canopy. This is the effect of both dry deposition on the leaves and leakage from the foliar surface, which is responsible for the strong increase of potassium and organic matter, roughly quantified by the difference between cations and anions (∆). Total nitrogen flux is higher in the TF than in OF, indicating a net release from the canopy; this is true for nitrate and organic nitrogen, while ammonium fluxes show lower values in TF than in OF in several plots. *** *** *** * *** *** ** *** -SO 4 = * *** *** *** *** *** ** -NO 3 -* * * -Cl -*** * *** *** *** *** ** ** -NT * *** * * ** * ** -ON * ** *** ** *** ** ** -∆ *** *** ** *** *** * *** *** *** * *** -Tab. 8. Significance of the relationships among ions in stemflow depositions (Spearman correlation, *: p <0.05; **:p <0.01; ***: p <0.001). 
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Stemflow fluxes, measured in 8 plots (Tab. 11), show values which are far lower than TF and OF fluxes. The relative importance of OF compared with TF ranges from less than 1% to 10%; the lowest values are measured in conifer stands (FRI2 and TRE1), while the values are higher and in the same range for Fagus sylvatica and Quercus sp. stands.
Eventually, an attempt was made to evaluate the total flux of ions related to acidification, considering the sum of the deposition of ammonium, nitrate and sulphate. The production of acidity per mole of ammonium was assumed as 1.5, as an average between 1, in the case of uptake from vegetation, and 2, in the case of oxidation to nitrate (Reuss & Johnson 1987; van Breemen et al. 1984 ). The fraction deriving from sea spray was subtracted from sulphate; nevertheless it must be borne in mind that a further fraction of sulphate may be due to volcanic emissions (SIC1, CAL1) and to minerals transported from North Africa (Guerzoni & Chester 1996; Loye-Pilot & Martin 1996; Carratalà et al. 1996) , events which are quite frequent in South and Central Italy, and which not infrequently affect even the northernmost stations.
The deposition of compounds related to acidification (DEP acid) was calculated in the open field and in the plot, as the sum of throughfall (TF) and stemflow (SF): 43  46  14  25  23  47  46  67  48  46  71  54  20  37  41  16  Cl   -25  16  11  67  239  222  73  17  21  181  37  34  26  118  175  214  ∆  55  52  40  70  89  51  23  30  35  102  47  59  39  37  53  111  ON  38  39  22  55  43  29  18  21  29  0  29  22  18  22  29  39  TN  106  115  51  120  85  102  94  154  128  0  206  174  57  77  87  84  Ca*  68  63  39  87  107  97  57  47  60  75  67  68  53  63  98  158  Mg*  28  15  20  22  39  28  17  10  19  69  24  24  26  18 -2 y -1 ) were measured in the plots TRE1, ABR1, CAM1, SIC1. The ranking is very similar in the case of total deposition (Tab. 8), with a ratio total/OF ranging between 0.8 to 1.9.
The difference in ion fluxes between the two study years (Fig. 7) in most of the stations shows slightly higher values in 1999 than in 1998, both for OF and TF+SF deposition, in accordance with the high volumes of precipitation.
Nitrogen saturation
Besides the alkaline/acidic input in deposition, the deposition of nitrogen, sometimes referred to as the "eutrophication effect" (e.g. Posch et al. 1999 ) must be taken into account. Also in this case we considered the OF and the deposition in the plot, as follows: Nitrogen loads may be compared with nitrate and total nitrogen concentrations in stream waters. To synthesise the concentrations and the seasonal variations of nitrate we used the Stoddard & Traan approach (Tab. 13), as applied to water courses with frequent samplings (Traan & Stoddard 1995; Stoddard 1994 ). This ap- proach gives a quantification of the level of nitrogen saturation of the watershed; the higher the stage of saturation, the lower the possibility of soil and vegetation to metabolise and immobilise the amount of nitrogen deposited from atmosphere. Results (Fig. 5) give a saturation stage of 1 for sites FRI2 and PIE1, stage 2 for EMI2, stage 3 for PIE1. These values mean that all the areas are subjected to nitrogen overload, very accentuated in the case of EMI2 and PIE1, and that vegetation and soil microflora are no longer able to regulate the nitrogen flux. These conclusions are further supported by the high organic nitrogen content, which is present in the highest amounts in the two streams with relatively low nitrate.
5. CONCLUSIONS 1998 and 1999 were the first full years when data on the chemistry of atmospheric deposition were collected in Italy. For this reason, sampling, analysis and data validation were performed with particular care and in strict accordance with international standards (UN-ECE 1994). The sampling stations considered, all located in permanent plots for the study of vegetation growth and evolution, are representative of different geographical conditions, from the Mediterranean conditions of the southern sites to the Alpine environment of some of the northern stations. The chemistry of bulk deposition is strongly influenced by natural sources, such as the marine component (Na, Cl, Mg, part of the sulphate) and soil dust (Ca, alkalinity, Mg, K), of local or remote origin (North Africa). Among the changes due to anthropogenic emissions in the atmosphere, acidification is present in some of the northern stations (PIE1, FRI2), while most of the other sites show a net flux of alkalinity, even in open field deposition. The acidity is however buffered by the dust and dry deposition present on the canopy, so that the throughfall deposition is always alkaline. However, it must be emphasised that bulk deposition is not entirely reliable in estimating the acidity level of deposition, as it is strongly influenced by dust particles of local origin. The parallel measurement of wet deposition in some areas has already been planned, with the aim of improving our understanding of the relative importance of local and transported substances in atmospheric deposition.
An estimation of the amount of ion deposition related to anthropogenic emissions (sulphate, nitrate and ammonium, Fig. 8 ) produces a wide range of variations, with the highest values in the northern (PIE1, VEN1) and central (EMI1, TOS1) sites and the lowest in the southern and alpine stations. The contribution of volcanic emissions to the high sulphate deposition of CAL1 and SIC1 requires further investigation.
The situation of nitrogen deposition is far more critical: values are very high both in open field and TF samples. Again, there is a trend towards lower values in the southern and central stations than in the north of the country. Both ammonium and nitrate are important in OF deposition; the importance of organic nitrogen increases markedly in the TF and SF samples, if compared with OF. The different level of nitrogen deposition is clearly reflected in the nitrate and total nitrogen concentrations of the stream water sampled in four plots, quantified through the Stoddard and Traaen approach (Fig. 5) . The plots show a release of nitrate from the watershed in all seasons, indicating an overload of nitrogen compared to its possible uptake by vegetation, but saturation is very high, also in absolute terms (stage 3 of the Stoddard & Traaen criteria) in the northern plot PIE1, high in the central EMI2 plot (stage 2), and moderate in the central and alpine plots of LAZ1 and FRI2. Furthermore, a comparison between actual and critical loads of acidity and nitrogen, detailed in a previous paper , reveals nitrogen load exceedances in most of the areas.
Nitrogen enrichment is a common feature of large parts of Europe with intensive human activities; its impact on surface and drinking water poses a serious challenge. The gradient shown in these four Italian sites offers an opportunity to study details of the processes of deposition and transformation of the different N species immediately after deposition, pointing out the interactions existing between nitrogen deposition, vegetation uptake and release in surface water.
Other aspects of the relationships between atmospheric deposition chemistry and vegetation status are being considered in the interdisciplinary project CONECOFOR, and form the basis for Italian forestry research, in close connection with the international 
